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Abstract 
A capacity for constructing new tools, or using old tools in new ways, to solve novel 
problems is a core feature of what it means to be human. Yet current evidence 
suggests young children are surprisingly poor at innovating tools. However, all studies 
of tool innovation to date have been conducted with children from comparatively 
privileged, Western backgrounds. This raises questions as to whether or not 
previously documented tool innovation failure is culturally and economically specific. 
In the present study we thus explored the innovation capacities of children from 
Westernised, urban backgrounds and from remote communities of South African 
Bushmen. Consistent with past research, we found tool innovation to occur at 
extremely low rates and that cultural background had no bearing on this. The current 
study is the first to empirically test tool innovation in children from non-Western 
backgrounds, with our data being consistent with the view that despite its key role in 
human evolution, a capacity for innovation in tool making remains remarkably 
undeveloped in early childhood.  
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In 1908, the world’s first production car, the Model-T Ford rolled off the 
assembly line. It could muster a top speed of just over 60 km/h. Less than one 
hundred years on, the Bugatti Veyron, one of the world’s fastest street-legal 
production cars, gets to 60km/h in 2.6s on its way to a top speed over 400km/h. One 
hundred years before the Model T the only reliable way to reach 60 km/h was to climb 
onto the back of a fast horse. The advances in technology that underpin these shifts, 
and the innovative ideas behind them, are remarkable. Since Jane Goodall reported 
that chimpanzees use twigs to fish for termites we can no longer lay claim to the title 
of the planet’s only tool-making animal (Goodall, 1964). Yet we remain without peer 
when one considers the depth, breadth, and inventiveness of our technology (Vaesen, 
2012). There is every reason to expect that chimpanzees living 200 years ago 
stripped leaves from twigs, much like they do today. In the same period we have gone 
from building buggies for our horses to vehicles with power roughly equivalent to that 
of 1000 horses. Underpinning such remarkable examples of cumulative cultural 
progress are our propensities for both innovation and learning to use tools and objects 
by watching and copying what others do with them (ie., by imitating).  
The capacity for imitation is an achievement established very early in 
development. From 6-months-of-age infants show an ability for acquiring the skills 
needed to use novel objects by copying others (Barr, Dowden, & Hayne, 1996; 
Meltzoff, 1988). Moreover, a spate of recent studies has shown that from their second 
year on children are increasingly prone to copy others so inclusively that they will 
incorporate visibly, causally irrelevant actions (for recent summaries see Over & 
Carpenter, 2012; Wood, Kendal, & Flynn, 2013). For example, if an adult deliberately 
wipes a stick along the top of a box before opening it, children will do the same even if 
they are familiar with the box and know it can be opened more simply by opening a 
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door located on the front of the box (Nielsen, Moore, & Mohamedally, 2012). Such 
precise copying has become known as overimitation and limited evidence to date 
suggests it occurs cross-culturally in humans (Nielsen, Cucchiaro, & Mohamedally, 
2012; Nielsen, Mushin, Tomaselli, & Whiten, in press; Nielsen & Tomaselli, 2010) but 
is not present in our closest primate relatives (Horner & Whiten, 2005).  
Given that our children develop in environments profusely furnished with both 
simple and complex tools and other mysterious technological artefacts, overimitation 
appears highly adaptive (Herrmann, Legare, Harris, & Whitehouse, 2013; Whiten, 
Hinde, Laland, & Stringer, 2011). The skills needed to use and operate tools whose 
functions are often initially opaque can be rapidly acquired by directly and 
comprehensively copying ‘expert’ adults. However, high fidelity copying of others’ tool 
use was not sufficient to get us from a buggy to a Bugatti. It was tool innovation – the 
construction of new tools, or use of old tools in new ways, to solve new problems – 
that proved critical in making this happen. And although young children’s ability to 
learn how to use tools through observation is well documented and analysed, current 
evidence suggests their capacities for tool innovation are much more limited. 
In one of the few studies to have investigated emerging tool innovation 
capacities, using a task originally developed to test New Caledonian Crows (Weir, 
Chappell, & Kacenik, 2002), Beck and colleagues (2011) presented children with a 
narrow vertical tube containing a bucket with a hooped handle (see also Chappell, 
Cutting, Apperly, & Beck, 2013; Cutting, Apperly, & Beck, 2011). The task was to get 
the bucket out of the tube in order to retrieve a sticker. When given a choice between 
a straight and hooked pipe cleaner, 4 year olds chose the hooked one above chance. 
However, when given a choice between a straight pipe cleaner, a long piece of string 
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or some small matchsticks, children up to 5 years old rarely bent the pipe cleaner into 
a hook or made any other functional tool. Fewer than half of even the 7 year olds 
succeeded, with children not performing at high levels until aged 9 or 10. In marked 
contrast, children in all age groups succeeded at high rates once shown by an adult 
what to do (i.e., by imitating). In an analogous study, 4-year-old children were tested 
on a task where water could be poured from a bottle into a tube in order to float a toy 
to the top so it could be retrieved (Nielsen, 2013). Unlike the task of Beck et al., this 
task does not require children to construct a new tool, but they do need to use an old 
tool (ie., the water bottle) in a new way. The children were unable to do this, failing to 
recognise the solution on their own. They did, however, instantly copy an adult’s 
demonstration of how to succeed (also see Cheke, Loissel, & Clayton, 2012). These 
studies suggest a lack of powers of innovation in young children and a reliance on 
being shown task solutions by adults.   
But is this an accurate picture? There are reasons to suspect it might be 
premature. The few studies on tool innovation that have been published have focused 
on children from only Western, educated, industrialized, rich and democratic societies 
('WEIRD' sampling: see Henrich, Heine, & Norenzayan, 2010). This may be telling for 
several reasons. First, whereas urban-industrial cultures characteristically feature 
formal, institutionalized teaching, learning in small-scale cultures more commonly 
occurs through observation and trial-and-error learning, with teaching and 
demonstration playing limited roles (Hewlett, Fouts, Boyette, & Hewlett, 2011; 
MacDonald, 2007). Sensitivity to structured teaching scenarios and an expectation of 
being shown what to do by more knowledgeable adults may constrain Western 
children from attempting to find task solutions of their own. Second, it has been 
argued that the imagination children employ when engaged in play provides a platform 
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on which the creative process underpinning innovation in adulthood is built 
(Carruthers, 2002; Nielsen, 2012). Compared to typical Western children, those in 
indigenous cultures, like those growing up in poor or underprivileged environments, 
commonly have much less access to manufactured toys (Gray, 2009; Rogoff, 2003). 
Moreover, the vast number of pre-fabricated toys available to Western children are 
increasingly associated with television programs that can reduce children’s need for 
imagination when playing (see Fletcher & Nielsen, 2012). Tool innovation may thus 
occur at higher rates where children must invent and create their own toys, as 
opposed to being given them already made, with uses already defined.  
We thus explored innovation in children living in Bushman communities of 
South Africa, comparing their responses with typical Western children. While access 
to formal schooling is available, most children in the Bushman communities we visited 
are unlikely to complete secondary education, and according to Bradstock (2004, cited 
in Grant, 2011), all members of the ‡Khomani community (see participants) over the 
age of 40 are functionally illiterate. Unlike traditional hunter-gatherer children, those 
we tested had opportunity to attend school but, unlike children from typical Western 
societies, it is uncommon for parents to actively instruct children. Further, the 
Bushman children do not have extensive access to the kinds of manufactured toys 
that are common in most Western households and most of the items they play with 
are objects they have found in their environment (natural kinds, such as sticks, and 
artificial kinds, such as discarded tyres – see Figure 1). There is some play with 
commercially available dolls and toy cars but this is uncommon. Given the premise 
that a lack of reliance on direct instruction in learning and greater exposure to having 
to make artifacts that are played with, we hypothesized that the Bushman children 
would show greater rates of tool innovation than the Western children. If this 
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hypothesis is supported it would question the universality of the current literature on 
children’s tool innovation and suggest that results to date are attributable to Western-
specific cultural practices. 
To broaden our understanding of the development of tool innovation we also 
compared the responses of children when they had to identify a correct tool (a pipe 
cleaner was already bent to make a hook) with when they had to invent their own (by 
recognizing the affordances of a pipe cleaner and recognizing the need to bend it); 
and we compared children’s responses when the pipe cleaner was of either optimal or 
sub-optimal length, before and after demonstration. This approach means that should 
any differences in tool innovation be found we will be well-situated to identify whether 
or not this is an outcome of differences between the Bushman and Western children in 
their ability to identify how objects can be used and manipulated. We focused on 
children aged 3 to 5 years as prior research has shown children of this age to be poor 
innovators on the hook making task (Beck et al., 2011; Cutting et al., 2011).   
Method 
Participants  
Sixty-one Bushman children (27 male; 34 females) and 55 Western children (24 
male; 31 female) participated in this experiment. Three children (1 Western) were 
excluded due to experimenter error and 9 (all Bushmen children) were excluded due 
to excessive shyness.  
The final sample of Bushman children were aged between 3 and 5 years 
(seven 3-year-olds, fifteen 4-year-olds and twenty-eight 5-year-olds )1 and were from 5 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 We did not record age to the level of months as this is not typically known for children in the Bushman 
communities we visited.  
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different communities across two distinct geographical areas. Of these children, 31 
were living in Platfontein, an immigrant settlement on the outskirts of Kimberley, the 
provincial capital of South Africa’s Northern Cape (and the biggest populated town in 
the province). All children were members of either the !Xun or Khwe clans. Beginning 
in April, 1990, the grandparents (and some of the parents) of the children we tested 
were relocated to South Africa from Namibia after the end of the border war in which 
they had been employed as trackers by the South African Defence Force (Kleinbooi, 
2007). The two communities, which speak different languages, were first placed in a 
tented camp, Schmidsdrift, in the Northern Cape countryside where conditions were 
extremely harsh. In 2003, after the land on which Schmidsdrift stood was awarded to 
its original Tswana owners, the !Xun and Khwe were relocated to Platfontein, which 
consists of mostly rudimentary (corrugated iron roofs, concrete-block walls) 
government housing and informal self-built structures2. Poverty, malnourishment and 
unemployment remain high. 
An additional 19 children were included from 3 settlements in the region south 
of the Kgalagadi Transfrontier Park (KTP). These settlements sit on land awarded to 
the ‡Khomani San community as outcome of a restitution claim lodged in 1995 and 
settled in 1999. Prior to this claim the violence and dislocation wrought by colonialism 
and apartheid resulted in the dispersion of the ‡Khomani, their language and their 
cultural practices (Grant, 2011; Tomaselli, 2005). Homes in these communities consist 
of predominantly grass huts or informal housing made from corrugated iron, with 
neither running water nor electricity.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 No new government housing has been supplied since the original structures were built, although the 
number of informal houses has increased concomitant with increasing population size. 
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In short, while there are differences in the environments of our South African 
participants, and though advances have been and are being made, all may be 
considered to live in sub-economic conditions. Though direct descendants of hunter-
gatherers, none of the communities in which we tested continue to exclusively follow 
this lifestyle, however some hunting and gathering still occurs. The members of these 
communities are exposed to modern society and sit both inside it and outside of it, 
balancing contemporary and traditional ways, while dealing with the social and 
economic disadvantages that are a common experience of the world’s indigenous 
peoples (Tomaselli, 2005). All Bushman children were recruited, and the study was 
facilitated, through the South African San Institute.  
The Bushman children were matched by age and gender to a sample of 
Western children (ten 3-year-olds, twenty-three 4-year-olds and twenty-one 5-year-
olds), all of whom were White and living in suburbs of Brisbane. Brisbane is the capital 
of the state of Queensland and with a population of 2.2 million is Australia’s third most 
populous city. Formal education is compulsory up to the age of 15 years with average 
overall attendance rates in 2012 at 92% and the majority of students completing all 
twelve years of primary and secondary education. Though Brisbane is ethnically and 
economically diverse, given population figures for each family's neighborhood of 
residence (e.g., the median rental cost and home purchase price in that 
neighborhood), the majority of the children in our study were from middle-class 
socioeconomic backgrounds. These children were recruited from an existing 
participant pool. Parents were contacted via mail and telephone, and anyone who 
volunteered to participate did so.  
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All children received a small gift for participating (e.g., toothpaste and 
toothbrush for the Western children; an item of clothing for the Bushman children).  
Apparatus 
 Children were presented with a clear glass jar (20cm high, 4cm diameter) 
secured to a white wooden upright (16.5cm x 12.1cm) and affixed to a white wooden 
base (16.5cm x 25cm)(see Figure 2). The jar contained a small bucket at its base with 
a wire hoop that could be used to hook onto in order to retrieve the bucket which 
contained a small toy. The jar apparatus was always presented together with an 
adjacent 30cm piece of flat wood, a 20cm piece of aluminum, a 30cm piece of rope 
and a white pipe cleaner that was either 29cm or 15cm in length. 
Procedure 
 All children sat on the floor on a rug opposite the experimenter, facing a 
camera that recorded their behavior for later coding. The Western children were tested 
in the dedicated rooms of a university research center. On arrival at the university 
children and their carers were escorted to a room where the children could familiarize 
themselves with the experimenter and the general lab environment. Once settled, they 
were brought to a testing room where they sat on the mat. The Bushman children 
were tested outside next to a dwelling or community building, or inside, in a small pre-
school building. Children were allocated to one of the following four conditions. 
Condition 1: Long Straight Pipe Cleaner. For the Pre-demonstration phase, the 
experimenter placed the piece of wood, aluminum, rope and 29cm pipe cleaner in a 
row (unsystematically ordered across participants) next to the jar (to the left for 50% of 
participants). While pointing at the jar and the four tool options, the experimenter then 
said: “Can you see the toy? You can get it out using one of these things, then you can 
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have it” (for the Bushman children this was translated into their local dialect by a 
research assistant). If children were reluctant to touch any of the materials the 
experimenter said: “You can use whatever you want”. No other comment or words of 
encouragement were offered, including in response to a failed attempt.  
The child was then given 2 minutes to retrieve the toy. If the toy was retrieved 
the test session was terminated. Otherwise, after 2 minutes expired the experimenter 
progressed to the Demonstration phase by taking the pipe cleaner, fashioning a small 
hook at one end and demonstrating how it could be used to retrieve the toy in the 
bucket. The experimenter then straightened the pipe cleaner behind his back (ie., so 
the child did not see), placed it back among the array of tool options and put the 
bucket with the toy back into the jar. He then said: “Your turn again. You can get it 
out”.  The child was given an additional 2 minutes to retrieve the toy.  
Condition 2: Short Straight Pipe Cleaner. This condition was identical to 
Condition 1 except the 15cm pipe cleaner was used. The 15cm pipe cleaner was 
considered suboptimal when compared with the 29cm pipe cleaner as when bent it 
only just reached the hoop of the bucket. It could still be used to retrieve the bucket 
from the jar but not with the ease of the 29cm version. The affordances of the long 
pipe cleaner as a possible retrieval tool are thus greater; affordances that may cue 
children to its potential for modification. If the optimality of a potential tool impacts 
innovation, more children should construct a hook from the long pipe cleaner.  
Condition 3: Long Hooked Pipe Cleaner. This condition was identical to 
Condition 1 except that the pipe cleaner was already hooked at first presentation. 
Thus, during the demonstration phase, the experimenter modeled only how to use the 
hook, not how to fashion it. When the experimenter placed the pipe cleaner back in 
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the array of tool options it was left in its hooked configuration. Children may be able to 
recognize the usefulness of a hooked pipe cleaner as a retrieval device even if they 
are unable to generate the idea to make a hook themselves. This condition allows this 
possibility to be evaluated.   
Condition 4: Short Hooked Pipe Cleaner. This condition was identical to 
Condition 3 except the pipe cleaner was short.  
Coding 
Dependent variables were coded for the Pre-demonstration phase as follows: 
(a) Whether or not the pipe cleaner was used, and if so whether a hook was made (in 
the conditions where it was presented straight); (b) The item first used and the 
duration it was used for (in seconds); (c) Whether or not the toy was retrieved, and if 
so how long it took. For the Post-demonstration phase we coded: (a) if the pipe 
cleaner was used; (b) if a straight pipe cleaner was bent by the child; and (c) whether 
or not the toy was retrieved. To reiterate, tool innovation is considered to have 
occurred only in the conditions where children were presented with a straight pipe 
cleaner that needed to be made into a hook. The conditions in which the pipe cleaner 
was presented already hooked provide insight into whether or not children are able to 
identify this as a functional tool even if they cannot innovate a solution when it is 
presented straight.  
A second coder who was blind to the specific hypotheses of the experiment 
independently observed and coded the videotapes of 18 randomly selected children. 
Agreement was greater than .84 for all duration measures (Intraclass correlation 
coefficients) and greater than .87 for all other measures (Cohen’s kappa).  
 
Exploring tool innovation	  
	   13	  
Results 
Pre-demonstration Phase 
 Tool Innovation. Consistent with past research, of the 27 Western children 
presented with a straight pipe cleaner, only 3 (11%) modified this to make a hook. 
Critically, and contrary to hypothesis, none of the 24 Bushman children similarly 
presented with a straight pipe cleaner made a hook.  
 Pipe cleaner choice. Few children selected the pipe cleaner as their first choice, 
regardless of whether it was hooked (8 of 52 children) or straight (11 of 51), c2(1)=.66, 
p=.419, or whether it was long (9 of 50) or short (10 of 53), c2(1)=.01, p=.910 (see 
Table 1 for the number of children choosing each item first by condition). However, 
although numbers are small, more Bushman children (13 of 50) chose the pipe 
cleaner first than Western children (6 of 53), c2(1)=3.69, p=.055. In contrast, the 
Western children were more likely to use the pipe cleaner at some point during test 
(36/53; 68%) than the Bushman children (13/50; 26%), c2(1)=18.13, p<.001.  
 Time and success. Regardless of the item chosen, the Bushman children spent 
significantly more time persisting with their first choice (M=72.76s, SD=41.34) than the 
Western children (M=23.17s, SD=24.86), t(97)=7.34, p<.001, d=1.49. Choosing the 
pipe cleaner or one of the alternate objects first had little impact on the duration it was 
used, for neither the Bushman (MPipe cleaner=67.62s, SD=43.25 vs MOther =74.79s, 
SD=41.06) nor Western (MPipe cleaner=18.00s, SD=11.56 vs MOther =23.83s, SD=26.08) 
children, t(44)=.53, p=.602, d=.16 and t(51)=.54, p=.593, d=.15 respectively. 
 Reflecting their persistence at using the first item chosen even if that item was 
proving unsuccessful, less Bushman children (23/50) retrieved the toy than the 
Western children (38/54), c2(1)=6.36, p=.012 (see Table 2). However, when they were 
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successful the Bushman children (M=43.61s, SD=28.81) were no slower than the 
Western children (M=49.39s, SD=36.13), t(59)=.65, p=.517, d=.13.  
 Indicating that children could identify the functional value of the hook, more 
Western and Bushman children successfully used the pipe cleaner when it was 
hooked (15 and 7 respectively) than when presented straight (3 and 2 – the latter two 
did not make a hook but were able to wedge the long pipe cleaner under the hoop), 
significant by binomial test for the Western children, p.=.003, approaching significance 
for the Bushman children, p.=.07. It is also notable that although approximately half of 
the children (53%) selected the piece of aluminum as their first choice, only a small 
number were able to use this successfully (14%).  
Demonstration Phase 
 Across all conditions, 43 children (of the final sample of 104) failed to retrieve 
the toy from the jar using their own initiative. Following demonstration by the adult, 40 
of these children subsequently did so, all copying the method shown to them. Of the 
17 children who observed the demonstrator use the already hooked pipe cleaner, all 
proceeded to pick up this object and use it to retrieve the toy. Of the 26 who watched 
the demonstrator bend the pipe cleaner to make a hook, 23 (88%) copied this action 
and retrieved the toy (the 3 children who did not copy the action attempted to do so 
but failed to form a functional hook). Given that only 3 of 51 (6%) children presented 
with a straight pipe cleaner made a hook out of it in the pre-demonstration phase, this 
represents a substantial increase (binomial probability, p<.001).   
Discussion 
 Past research has shown that young children are not particularly adept at 
modifying an object to make a functional tool on their own initiative. We speculated 
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that the starkly contrasting environments of the children we tested (Bushman children 
from Indigenous and rural poor backgrounds and Western children living 
comparatively privileged lives in a large city) might lead to distinct innovation profiles: 
Having a greater need to manufacture their own toys and being less likely to receive 
direct, guided instruction from their parents, the Bushman children might show a 
heightened proclivity for tool innovation over the Western children. We did not find 
such a difference. Regardless of their cultural background, the young children we 
tested showed markedly low levels of tool innovation.  
 There are multiple reasons why children might be expected to innovate in their 
tool making well before their primary school years. As previously noted, from the 
second year in life the ability to learn how to use tools by imitating others is well 
established. Children at this young age also show an increasing capacity for 
manipulating and successfully using a variety of tools, and for inferring their intended 
use, design and means of categorization (Phillips, Seston, & Kelemen, 2012). This 
occurs alongside an emerging ability for building on what the child knows and 
extending it to novel situations (for a review see Hayes, 2007) - the kind of inductive 
reasoning necessary for tool innovation. It seems reasonable to suppose that these 
abilities combined should provide a sufficient platform for the emergence of tool 
innovation around the third year. The apparent lack of tool innovation in young 
children therefore remains a considerable puzzle. For Cutting and colleagues 
(Chappell et al., 2013; submitted), young children have difficulty in both generating the 
requisite knowledge and coordinating it together to solve the task. If cognitive 
maturation is at the heart of young children’s poor tool innovation abilities, as they 
suggest, such abilities should be relatively culturally invariant. Our data offers a first 
step in suggesting this is so.   
Exploring tool innovation	  
	   16	  
 Environmental differences between urban Western and remote Bushman 
culture that could potentially influence children’s tool innovation behavior, such as 
parental education and socio-economic status, can be ruled out as explanations for 
young children’s low tool innovation rates. The Bushman children we tested do have 
schooling available to them, and it is possible that this access has shifted their natural 
reaction to learning situations in ways aligned with formal teaching processes (ie., 
expecting to be taught task relevant information). However, the ‡Khomani children 
have less structured and poorer quality education opportunities than children from 
Platfontein. Yet these children responded in similar ways to each other and to the 
Western children. While testing is now needed in communities where no formal school 
is available, it would appear unlikely that young children’s pedagogical experiences 
profoundly influence their capacities for tool innovation. Of course more groups need 
to be tested before any strong claims can be made about the cultural universality of 
young children’s poor tool innovation capacities. Nevertheless, any account that 
proffers Western-specific or SES-specific explanations must confront the findings 
reported here. Why then might young children perform so badly? 
 According to Cutting and colleagues (Chappell et al., 2013; submitted) the 
answer to why young children struggle with tool innovation is that it constitutes what is 
termed an ill-structured problem: A problem where information about the start state, 
goal, and/or information on what is required to move from start to end is missing. In 
the hook task the start state is given (the apparatus and the materials) and children 
are told what the goal is (to retrieve the toy). However, no information is provided on 
how the goal is to be achieved.  Moreover, note that knowing how to make a hook 
from a pipe cleaner is not enough. This knowledge needs to be integrated with 
knowledge and understanding of the other components involved in the task (ie., the 
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start and goal states). Young children may struggle with this task as it requires them to 
remember how to make a hook (or to recognize that making a hook is part of the 
solution) and to coordinate this with the critical contextual information, including start 
and goal states.  
 In this context it is notable that children struggled to recognize a hooked tool as 
a solution. Indeed, those presented with a hooked pipe cleaner were no more likely to 
select this as their first choice than children presented with a straight pipe cleaner. 
Further, the children we tested were not influenced by the length of the pipe cleaner 
available: That is, the pipe cleaner’s properties and apparent affordances did not play 
a role in their responses. This may be an outcome of two of the distractor items (the 
piece of wood and the piece of aluminum) being sub-optimal but still potentially 
functional. Indeed a number of children were able to use these items to retrieve the 
bucket from the jar. Some children may have thus focused on the distractor items, 
consequently missing opportunities to either consider bending the straight pipecleaner 
or to use the already bent version. In terms of the former, the tool modification rates 
found here are not dissimilar to past research and hence it is unlikely that the 
outcomes we report would be strikingly different if we had only included non-functional 
options among the distractors. Conversely, Beck et al. (2011) found children will select 
and successfully use an already hooked pipecleaner from 4 years of age, indicating 
that the distractor items drew attention away from the version used here. This 
highlights the multiple demands inherent in this task that require children to identify 
the best way to solve the problem and, in the case of having a straight pipecleaner to 
choose from, to envision how this optimal outcome could be brought about. 
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 Although the Bushman and Western children showed similarly low levels of tool 
innovation, one aspect of their behavior did differ: how long they continued to try to 
retrieve the toy using the first tool chosen. Regardless of which tool they selected, 
Bushman children on average tried to use the one they first chose for over 3 times as 
long as the Western children. This is a substantial difference. Two explanations that 
are potentially confusable yet actually involve significant psychological differences are 
perseveration, continuing a behavior even when it ceases to be effective or rewarding, 
and persistence, continuing to try to reach a goal even when doing so becomes 
difficult and drawn out. The distinction is important, as perseveration is considered 
maladaptive whereas persistence is viewed as adaptive (Cepeda & Munakata, 2007; 
Serpell, Waller, Fearon, & Meyer, 2009). Though a topic of much discussion, for a 
number of authors the boundary between perseveration and persistence is 
determined by goal awareness (Carver & Scheier, 1982; Mansell, 2005). Behavior is 
‘persistence’ if one is strategically and flexibly employing lower-order goals in pursuit 
of higher-order ones; it is ‘perseveration’ if lower-order goals are pursued at the 
expense of higher-order ones or without consideration of whether or not the goal has 
been met or is still relevant. We do not have the data to tease these interpretations 
apart nor are we aware of prior studies establishing distinct profiles of perseveration 
versus persistence in contrasting cultural groups. This was an unanticipated finding, 
but one that clearly warrants increased empirical focus (though notably, at least for 
Western children, perseveration does not explain the difficulties children have with tool 
innovation, see Chappell et al., 2013). In this context there is emerging evidence that 
cognitive flexibility is impaired in infants from low socio-economic backgrounds (e.g., 
Clearfield & Niman, 2012), highlighting the need for research such as that undertaken 
here to be conducted in other populations subject to differing levels of disadvantage.   
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 From the ways we communicate and prepare our food to the ways we build 
dwellings and confront illness, tool innovation is at the heart of the astonishing 
technological advances that penetrate our everyday lives and have contributed 
inordinately to our species’ dominance of the planet. It is notable that the speed with 
which technological advances occur is a relatively recent phenomenon, being 
inordinately slow for much of the Stone Age and progressing little over millennia, but 
has progressively accelerated to generate the diverse and sophisticated adaptations 
that characterize humanity today (Nielsen, 2012; Tomasello, 1999; Whiten et al., 
2011). Yet available evidence suggests that a capacity for innovation in tool making is 
seriously lacking in children prior to the formal schooling years, even when compared 
with some non-human species, and contrasting markedly with the precocity of their 
social learning dispositions and abilities. The current study dismisses any explanation 
that evokes Western cultural practices or attitudes that come with developing in a 
socio-economic climate of relative privilege. It remains possible that there is 
something about the particular hook task that obfuscates children’s abilities, although 
similar outcomes in terms of low rates of innovation have been found with versions of 
the floating object task (Cheke et al., 2012; Nielsen, 2013). Nonetheless, research 
using different measures and challenges is now needed, alongside data collection 
among people without a history of formal schooling. This is no trivial endeavour. Tool 
innovation is a cornerstone of our species’ cognitive nature: Knowing how and when 
tool innovation skills emerge is critical if we are to ensure they are appropriately 
nurtured. 
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